Introduction
============

Idiopathic inflammatory myopathies (IIM) are a group of non-suppurative inflammatory diseases that have been identified in skeletal muscle specimens. Although IIM are characterized by proximal muscle weakness, the etiology of IIM remains to be elucidated ([@b1-etm-0-0-3006],[@b2-etm-0-0-3006]). The incidence rate of IIM in the general population is high, with a range of 0.5--8.4 in every 100,000 individuals ([@b3-etm-0-0-3006],[@b4-etm-0-0-3006]).

Dermatomyositis (DM) and polymyositis (PM) are the most common IIM subtypes in clinical practice ([@b2-etm-0-0-3006]). The occurrence of these diseases often presents with the impairment of multiple systems, with a poor prognosis ([@b1-etm-0-0-3006]). It was previously reported that the mortality rate of patients with IIM was 2- to 3-fold higher than that of the normal population, and that infection, tumors and heart and lung impairment were the most common causes of mortality ([@b5-etm-0-0-3006],[@b6-etm-0-0-3006]). However, due to the large timespans reported in prior literature, in addition to differences in economic development and medical care in the areas described in those studies, significant differences exist in the mortality rate resulting from IIM ([@b5-etm-0-0-3006]--[@b7-etm-0-0-3006]).

The aim of the present study was to investigate and analyze the main causes of infection and of complications that have led to the mortality of patients with IIM in China since 2001.

Materials and methods
=====================

### Review of patient information

The patients with IIM included in the current study adhered to the 1975 Bohan/Peter Diagnostic Standard ([@b8-etm-0-0-3006]). The current analyses were performed on 676 patients with IIM who were diagnosed in the Department of Rheumatism and Immunology at the Xiangya Hospital of Central South University from January, 2001 to January, 2015. The medical records of 49 patient mortalities (39 cases with DM and 10 cases with PM) were retrospectively analyzed. These data included information regarding clinical manifestations, laboratory examinations, treatments and clinical outcomes.

### Analysis of the cause of mortality

The cause of mortality was determined following analysis of the patient medical records and discussion with the doctors responsible for a case. According to the clinical and pathological symptoms, the primary causes of mortality included infections, acute interstitial lung disease, ventilator weakness, pneumothorax, pulmonary artery hypertension, acute myocardial infarction, arrhythmia, gastrointestinal bleeding, liver failure, renal failure and tumors. The majority of mortalities were associated with infections and myositis. Infection-associated mortality was caused by pathogenic infections and by infection-associated complications resulting from IIM treatment. Myositis-associated mortality was due to multi-organ failure secondary to myositis and non-suppurative complications. If patients succumbed to infection during treatment, inflammatory-induced severe organ damage was considered to be an infection-associated mortality.

### Statistical analysis

Data analyses were conducted using SPSS v. 18.0 (SPSS, Inc., Chicago, IL, USA). Continuous distribution variables are presented as mean ± standard deviation. For equal measurement data, an independent samples t-test was used. Enumeration data were evaluated using a χ^2^ test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Demographics

A total of 49 mortalities (7.2%) resulted from 676 IIM cases, with mortality occurring following DM and PM in 6.9% (39/567) and 9.2% (10/109) of cases, respectively. No statistically significant difference was observed between the DM and PM mortality rates (χ^2^=0.717; P\>0.05). Of the mortalities, 18 were male (37.5%), after an average disease duration of 8.72±9.36 months and at an average age of 48.83±12.19 years. Of the female mortalities, the average disease duration was 10.09±9.02 months, and the average age was 51.39±13.20 years. No significant difference was observed between male and female in average disease duration or age (t=0.507; 0.671; P\>0.05).

### Clinical manifestations

Of the 49 mortalities, the symptoms in 19 cases (38.8%) began with skin lesions, while the symptoms of 17 cases (34.7%) began with myalgia and muscle weakness. The remainder of the patients (13 cases, 26.5%) reported joint pain, coughing, gasping and edema as their initial symptoms. The majority of cases resulting in mortality developed complications: 33 patients who succumbed to the disease (67.3%) had a lung infection, 28 patients (57.1%) had an interstitial lung disease and 1 patient (2.0%) presented pulmonary hypertension. Three patients (6.1%) developed diabetes secondary to glucocorticoid treatments, and 4 patients (8.2%) developed a decubitus ulcer due to being bedridden.

### Treatment

Patients were administered 1 mg/kg prednisone daily. A number of immunosuppressants were administered to patients, as follows: Hydroxychloroquine (25/49 cases), mycophenolate mofetil (9/49 cases), thalidomide (27/49 cases), azathioprine (7/49 cases), methotrexate (10/49 cases) and cyclophosphamide (6/49 cases). Two patients with severe dysphagia were treated with intravenous immunoglobulin. Patients with an infection were administered anti-infective and symptom treatment.

### Key causes of mortality

The cause of mortality in 49 patients, and their survival time, are shown in [Table I](#tI-etm-0-0-3006){ref-type="table"}. The most frequent causes of mortality were infection, heart and lung dysfunction and malignancy. The malignancy cases included breast cancer, lung cancer, nasopharyngeal carcinoma and ovarian cancer. Patients in which mortality was associated with an infection had a lower survival time than patients succumbing to myositis-associated mortality (t=−2.819; P\<0.05). In the cases leading to mortality, the proportion of patients with a survival time of \<1 year due to an infection was higher than in patients succumbing to myositis-induced mortality (χ^2^=6.110; P\<0.05).

The mortality rate of IIM patients admitted to the Xiangya Hospital was assessed in 3-year groupings from 2001 to 2015, together with the proportion of infection- or myositis-associated mortalities ([Table II](#tII-etm-0-0-3006){ref-type="table"}). The mortality rate decreased in the period of 2013--2015 compared with the previous time periods, but this was not identified as statistically significant (P\>0.05). Although the proportion of infection-associated mortalities within the total number of patients with IIM was not significantly different among the time groupings, the proportion of mortalities secondary to organ failure due to myositis were significantly reduced over time (P\<0.05). However, infection was the primary cause of mortality in patients with IIM. The proportion of infection-associated mortalities in patients with IIM increased, while the proportion of myositis-associated mortalities decreased ([Fig. 1](#f1-etm-0-0-3006){ref-type="fig"}).

### Infection sites and pathogens

In the 34 infection-associated mortality cases, the lungs were the primary site of infection, with the blood and intracalvarium as the second and third most common sites, respectively ([Table III](#tIII-etm-0-0-3006){ref-type="table"}). Limb gangrene, an abdominal abscess, a decubitus ulcer on the buttocks and other foci of infection were also observed in a number of cases. Etiological diagnoses were conducted for 16 cases from lung, blood and urinary tract infections and a decubitus ulcer of the buttocks, based on sputum, blood, urine and secretion cultures and clinical manifestations. Intracranial infection was demonstrated by cerebrospinal fluid gram stain, revealing gram-positive cocci. Bacterial and fungal infections were identified in 14 and 3 cases, respectively. Co-infection with cytomegalovirus was also identified by serum antibody detection in 2 cases. Three viral hepatitis-associated mortalities were identified, with 2 of these being hepatitis B virus (HBV) cases and 1 being caused by hepatitis C virus (HCV).

Discussion
==========

IIM is a form of autoimmune disease that is characterized by progressive muscle weakness of the symmetrical proximal limb muscles, periorbital edema, purple spots and a purple mound on the extensor side of the joint ([@b2-etm-0-0-3006]). IIM may also result in the damage of multiple organs. It has previously been reported that although the administration of glucocorticoids and immunosuppressants decreases the risk of mortality from systemic lupus erythematosus, it may increase the risk of infections and associated complications ([@b9-etm-0-0-3006]). The present study showed that the proportion of infection-associated mortalities increased while the proportion of myositis-associated mortalities decreased in patients with IIM following treatment with glucocorticoids and immunosuppressants.

Infection is considered to be the primary cause of mortality in IIM patients. Based on the analysis of 15,407 patients with DM/PM from the HCUP Nationwide Inpatient Sample, Murray *et al* ([@b10-etm-0-0-3006]) reported that the mortality rate was significantly higher in patients with IIM who also had an infection. In the current study, the lungs and the blood were the primary infection sites, and bacteria and fungi were the primary pathogens. Patients with IIM with a pathogenic co-infection typically demonstrated a number of the following characteristics: Long-term glucocorticoid and immunosuppressant treatments; also suffering from diabetes, chronic viral hepatitis or kidney disease; interstitial lung disease causing pulmonary infection; damage in respiratory muscles, leading to increased difficulty removing secretions and resulting in ventilatory disorders; damage in the gastrointestinal muscles, resulting in dysphagia and pulmonary aspiration defects; and decubitus ulcers and delayed healing, secondary to nutritional deficiencies and being bedridden. The most common bacteria causing infections in IIM cases included *Klebsiella pneumoniae*, *Acinetobacter baumannii*, *Streptococcus pneumoniae*, *Staphylococcus aureus* and *Candida* spp. Co-infections, opportunistic infections, invasive fungal infections and viral infections were common. During IIM therapy, pneumococcal and influenza vaccinations should be administered for prevention ([@b1-etm-0-0-3006]). Additionally, glucocorticoid dosages should be gradually reduced when the condition is controlled.

It can be concluded from the present study that physicians should consider HBV and HCV infections in patients with IIM as long-term glucocorticoid and immunosuppressant treatments that may cause the reactivation of viral hepatitis. In the current study, 2 patients were HBV surface antigen-positive, HBV antibody e-positive and hepatitis B core antibody-positive following diagnosis with IIM and 1 patient was anti-HCV antibody-positive but all 3 patients demonstrated normal liver function. However, following glucocorticoid and methotrexate administration, viral replication was reactivated in the patients presenting with viral resistance to the antiviral therapy. The levels of aspartate aminotransferase and alanine aminotransferase in these patients was elevated and they were jaundiced, with an outcome of liver failure and mortality in all 3 cases. Screening for HBV and HCV should therefore be conducted prior to the initiation of IIM therapy. If patients with IIM are positive for HBV and HCV, anti-viral therapy (such as entecavir or tenofovir disoproxil) should be administered 2--4 weeks prior to immunosuppressive therapy and until 6 months after the immunosuppressive therapy has been ceased. This administration should occur even if HBV-DNA and HCV-RNA are not detectable and the liver enzyme level is normal in these patients. If anti-viral therapy is administered following liver enzyme elevation, recurrence of viral hepatitis may result in liver failure ([@b11-etm-0-0-3006]).

Impaired heart function was observed in 9--72% of the IIM patients, predominantly presenting as sinus tachycardia and atrioventricular block, and a number of cases also presented with associated symptoms ([@b12-etm-0-0-3006]). In the present study, 1 patient succumbed to complete heart failure, and 2 patients succumbed to heart failure induced by an acute myocardial infarction. Impaired lung function secondary to IIM typically presented as interstitial lung disease, aspiration pneumonia and hypoventilation. Previous studies indicated that interstitial lung disease may occur in 36--65% of patients with IIM ([@b13-etm-0-0-3006]). In the present study, 1 patient succumbed to right-side heart failure that was associated with pulmonary hypertension resulting from interstitial lung disease. Pulmonary hypertension may occur in 5.2% of IIM patients and reduce the quality of life of patients ([@b14-etm-0-0-3006]). Without treatment, pulmonary hypertension in IIM may cause right-side heart failure, arrhythmia and sudden mortality ([@b15-etm-0-0-3006]). Furthermore, a previous study of 150 patients with IIM suggested that impaired renal function occurred in 23.3% of patients, and that 10.7 and 20.7% had acute kidney disease and chronic kidney disease, respectively ([@b16-etm-0-0-3006]). Acute kidney disease predominantly resulted from drug- and myoglobin-induced renal papillary necrosis; 12.5% of patients then progressed to end-stage renal disease ([@b17-etm-0-0-3006]). In the present study, 1 patient succumbed to renal disease due to hemodialysis cessation. However, as therapy for renal function replacement was widely used, few patients succumbed to chronic renal failure. Gastrointestinal bleeding is rare in patients with IIM, and only few cases have been reported worldwide, but visceral vasculitis may be a potential cause ([@b18-etm-0-0-3006]--[@b20-etm-0-0-3006]). A number of reports have indicated that intravenous immunoglobulin may be an effective treatment for patients with IIM with severe gastrointestinal disease ([@b21-etm-0-0-3006]). Furthermore, patients with IIM presenting with a skin rash should be mindful of the risk of malignant atrophic papulosis due to the subsequent poor prognosis, even with passive therapy ([@b22-etm-0-0-3006]).

Previous studies have reported that the prognosis of IIM may be affected by gender, age, proximal muscle weakness, dysphagia, hypoventilation, interstitial lung disease, serum creatine kinase level and delayed diagnosis or treatment ([@b23-etm-0-0-3006]). Glucocorticoids remain the primary choice in treating PM and DM. A number of clinicians immediately administer immunosuppressants following confirmation of an IIM diagnosis ([@b24-etm-0-0-3006]). However, there is a lack of large-scale supporting evidence for this approach, thus that doctors typically depend on their experience in the treatment of patients with IIM.

The limitations of the present study are the absence of postmortem autopsy, and its retrospective nature as it is difficult to differentiate between DM/PM and IBM without an autopsy. Causes of these mortalities may therefore be substantially different from those succumbing to this disease outside of a hospital.

The mortality rate of patients with IIM has decreased in recent years, but is primarily associated with infection. In addition to the occurrence of bacterial infections, viral hepatitis necessitates increased consideration. Although myositis-associated mortality and concurrent complications decreased over time, infection-associated mortality increased. As a result, the present study concludes that infection in IIM cases necessitates increased focus to decrease the mortality rate.
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###### 

Causes of mortality and survival time of 49 patients with idiopathic inflammatory myopathy.

  Cause of mortality                Cases       Mean survival time (months)                           Patients surviving \<1 year                        Patients surviving \>1 year
  --------------------------------- ----------- ----------------------------------------------------- -------------------------------------------------- -----------------------------
  Infection-associated              34 (69.4)     7.3^[a](#tfn2-etm-0-0-3006){ref-type="table-fn"}^   26^[b](#tfn3-etm-0-0-3006){ref-type="table-fn"}^   8
  Bacterial or fungal infection     31 (63.3)     6.9                                                 24                                                 7
  Viral hepatitis                   3 (6.1)     11.7                                                    2                                                1
  Myositis-associated               15 (30.6)   14.7                                                    6                                                9
  Acute interstitial lung disease   2 (4.1)       7.0                                                   1                                                1
  Ventilator weakness               1 (2.0)       3.0                                                   1                                                0
  Pneumothorax                      1 (2.0)       3.0                                                   1                                                0
  Liver failure                     1 (2.0)     11.0                                                    1                                                0
  Pulmonary artery hypertension     1 (2.0)     22.0                                                    0                                                1
  Acute myocardial infarction       2 (4.1)     12.5                                                    1                                                1
  Arrhythmia                        1 (2.0)     21.0                                                    0                                                1
  Gastrointestinal bleeding         1 (2.0)     13.0                                                    0                                                1
  Renal failure                     1 (2.0)     16.0                                                    0                                                1
  Tumor                             4 (8.2)     23.3                                                    1                                                3

Data are presented as n (%) or n. The survival time was significantly lower in cases of mortality associated with infection vs. mortality associated with myositis (

P\<0.05), as evaluated using t-tests (t=−2.819). The number of patients surviving \<1 year was higher in the infection-associated group than the myositis-associated group (

P\<0.05), evaluated using Pearson\'s χ^2^ test (χ^2^=6.110).

###### 

Rates of mortality caused by infection and myositis in idiopathic inflammatory myopathy patients, reported by year.

                           Cases                                                                                                                
  ------------------------ --------- --------- --------- ---------- -------------------------------------------------------- ---------- ------- -------
  Infection-associated     3 (4.4)   3 (3.1)   5 (4.2)   9 (6.0)    14 (5.8)^[a](#tfn5-etm-0-0-3006){ref-type="table-fn"}^   34 (5.0)   1.053   0.305
  Myositis-associated      3 (4.4)   4 (4.1)   3 (2.5)   2 (1.3)    3 (1.2)                                                  15 (2.2)   4.339   0.037
  Subtotal                 6 (8.8)   7 (7.1)   8 (6.8)   11 (7.3)   17 (7.1)                                                 49 (7.2)   0.101   0.750
  Total hospitalizations   68        98        118       151        241                                                      676                

Data are presented as n (% of total hospitalizations) or n.

P\<0.05, infection-associated mortality increased, but myositis-associated mortality did not (χ^2^=4.755).

###### 

Infection sites and identifiable pathogens present in cases of infection-associated mortality associated with idiopathic inflammatory myopathy.

  Infection site                    Cases   Pathogen                                                  Cases
  --------------------------------- ------- --------------------------------------------------------- -------
  Lung infection                    25      *Candida parapsilosis*                                    1
                                            *Candida glabrata*                                        1
                                            *Candida albicans* + cytomegalovirus                      1
                                            *Streptococcus pneumoniae*                                1
                                            *Klebsiella pneumoniae*                                   2
                                            *Acinetobacter baumannii*                                 2
                                            *Pseudomonas alcaligenes* + *Acinetobacter baumannii*     1
                                            *Enterobacter cloacae* + *Stenotrophomonas maltophilia*   1
                                            *Mycobacterium tuberculosis*                              1
                                            *Acinetobacter baumannii* + cytomegalovirus               1
  Urinary tract infections            3     *Escherichia coli*                                        1
  Intracranial infection              1     Gram-positive cocci                                       1
  Bloodstream infection               6     Methicillin-resistant *Staphylococcus aureus*             1
                                            *Proteus mirabilis*                                       1
  Right upper limb gangrene           1                                                               
  Abdominal abscess                   1                                                               
  Decubitus ulcer of the buttocks     3     *Pseudomonas aeruginosa*                                  1
